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Double-chimney technology for treating
secondary type I endoleak after endovascular
repair for complicated thoracic aortic dissection
Rui Feng, MD, PhD, Zhiqing Zhao, MD, Junmin Bao, MD, PhD, Xiaolong Wei, MD,
Liang Wang, MD, and Zaiping Jing, MD, PhD, Shanghai, P.R. China
Endovascular repair continues to pose a formidable technical challenge in the cases of aneurysm, dissection, and proximal
type I endoleak involving the aortic arch. During the process of covering the aortic arch by stent graft to achieve better
sealing, maintaining blood flow to the vital supra-aortic branches is difficult. We present a case of successful endovascular
treatment of secondary type I endoleak by a double-chimney technique in a 36-year-old woman who had previously
undergone a complicated descending aortic dissection repair. This endovascular technology might offer a new option to
simultaneously preserve the innominate artery and the left carotid artery for total reconstruction of the aortic arch.
(J Vasc Surg 2011;54:212-5.)
e
e
e
b
t
S
3
w
s
w
q
p
H
p
s
a
o
t
f
f
p
l
c
p
t
r
s
s
w
c
b
e
w
C
rThoracic endovascular aortic repair (TEVAR) has been
developed as a safe and effective treatment modality for
descending thoracic dissection and aneurysm.1,2 However,
endovascular therapy is very difficult when the aortic arch is
involved or a type I endoleak is present. Themain challenge
lies in maintaining blood flow to the vital supra-aortic
branches while the arch is being covered by the stent graft.
We present a case of successful double-chimney endovas-
cular repair of a severe secondary proximal type I endoleak
after TEVAR.
CASE REPORT
The patient was a 36-year-old woman who had been experi-
encing intermittent chest pain for 8 years. Computed tomography
angiography (CTA) and aortography showed a complicated Stan-
ford type B aortic dissection with a maximum diameter of 6 cm
(Fig 1,A). The entry tear was located in the origin of the descend-
ing thoracic aorta 2 cm from a severe arch stenosis and angulation.
The dissection extended to the renal artery, and the true lumen of
the thoracoabdominal aorta was compressed into a string. She had
significant medical comorbidities, including hypertension, con-
genitally narrow iliofemoral arteries, and a severe stenotic lesion at
the trachea, for which an open surgery had been withheld at
another hospital.
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212The first TEVAR was performed with the patient under gen-
ral anesthesia via a laryngeal mask airway. The distal aorta was
xposed via laparotomy, and a 10-mm expanded polytetrafluoro-
thylene (ePTFE) access conduit was anastamosed to the aortic
ifurcation. After stenting, the compressed true lumen of the
horacoabdominal aorta with a 22 mm  60 mm self-expandable
inus uncovered stent (OptiMed Medical, Ettlingen, Germany), a
0 mm 155 mmRelay stent graft (BoltonMedical, Sunrise, Fla)
as deployed with the margin of the fabric close to the left
ubclavian artery (LSA). Since the young patient was left-handed,
e wanted to preserve the LSA at that time. However, the subse-
uent aortography revealed a mild proximal type I endoleak. This
roblem was fully resolved by placement of a 32 mm  80 mm
ERCULES cuff (Microport Medical, Shanghai, China) with
artial covering of the LSA (Fig 1, B). The cuff consists of a nitinol
tent and a Dacron graft with an uncovered proximal end. No
bnormalities were discovered during the pathologic examination
f the abdominal aortic wall. However, according to aortic dissec-
ion and congenitally narrow iliofemoral arteries of the young
emale patient, the fibromuscular dysplasia was mostly suspected.
The patient recovered with good blood pressure control. A
ollow-up CTA performed 3 months after the operation revealed
atent aortic flow and complete thrombosis in the descending false
umen. Six months after the operation, she experienced similar
hest pain, and CTA showed the presence of a severe secondary
roximal type I endoleak (Fig 2). There was no visible change in
he endograft morphology, and the aortic stenosis and angulation
emained as they were originally. We attributed the endoleak to the
evere arch stenosis and angulation, which resulted in insufficient
tent graft sealing.
We, therefore, decided to perform the second intervention
ith the intention of covering the innominate artery and the left
ommon carotid artery (CCA) to gain a longer landing zone and
etter orientation for stent graft delivery. The abdominal aorta was
xposed under general anesthesia, and a 10-mm-wide ePTFE graft
as sutured to the earlier graft nub as the conduit. The bilateral
CAs were exposed, and a short 6F sheath was placed in a
etrograde fashion into the CCAs, respectively. Through the
heaths, two 0.035-inch guidewires were advanced into the
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Volume 54, Number 1 Feng et al 213ascending aorta. An 8 mm  60 mm SINUS stent was delivered
in advance, with a short segment protruding into the aortic arch
lumen and extending distally into the proximal left CCA
Fig 1. A,Aortography showing the Stanford type B diss
stenosis and angulation (black arrow). B, Aortography
showing the excluded entry tear with partial coverage of
Fig 2. Computed tomography angiography (CTA) before dou-
ble-chimney endovascular repair showing the secondary proximal
type 1 endoleak and the large false lumen.(Fig 3, A). uSubsequently, a 32 mm  155 mm Relay stent graft was
ntroduced from the aortic approach until the proximal fabric edge
as adjacent to the innominate artery. The endograft repair was
ompleted using standard techniques with complete coverage of
he orifices of the innominate artery and the left CCA. The second
INUS stent (size, 10 mm 60 mm) was then introduced via the
ight CCA and deployed to open a channel for flow to the
nnominate artery (Fig 3, B). The interruption time of the innom-
nate artery was 20 seconds. Meanwhile, coiling of the central
SA to avoid backflow was performed percutaneously via a left
ransbrachial approach.
Completion angiography revealed widely patent innominate
rtery and CCAs, exclusion of the LSA, and no evidence of
ndoleak, although the arch stenosis and angulation remained
nchanged (Fig 3, C). The patient awoke from general anesthesia
ith a completely normal neurological status and showed good
ecovery without anticoagulation therapy. A follow-up CTA per-
ormed 1 year after the second TEVAR indicated no proximal
ndoleak with complete thrombosis and unreduced diameter of
he thoracic aortic false lumen, as well as free flow into the
nnominate and left carotid arteries (Fig 3,D). The devices showed
o change in their morphology.
ISCUSSION
In spite of the development of hybrid procedures3-6 and
enestrated7,8 or branched9-12 stent grafts, the aortic arch is
till considered one of the problematic regions in TEVAR.
hough these solutions could reconstruct the supra-aortic
ranches, somedrawbacks are clear, such as inevitable conven-
ional surgery, operation difficulty, high risks of cerebral isch-
mia, and stent graft customizing that is not suitable for
with the entry tear (white arrow) and a severe distal arch
the first thoracic endovascular aortic repair (TEVAR)
eft subclavian artery (LSA) origin.ection
afterrgent cases.Moreover, by thesemethods, it is difficult to deal
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especially type I endoleak after TEVAR. In this case, the
proximal bare stent of the earlier endografts, which en-
croached upon the origin of the innominate artery and the left
CCA, interfered with the manipulation of the fenestrated or
branched stent grafts. In addition, the anesthetist did not
think anesthesia via a laryngeal mask airway is suitable to
hybrid procedure through sternotomy.
We, therefore, aimed to develop the double-chimney
Fig 3. Intraoperative fluoroscopic image at the second
Deployment of the aortic stent graft and the delivered st
the aortic arch (arrow). B, Deployment of the secon
angiography showing no endoleak into the false lumen
exclusion of the left subclavian, and unchanged aortic str
in the innominate artery.White arrow: proximal end of th
of the second Relay stent graft. D, One-year follow-up
device morphology and no leakage, patent innominate
descending aortic false lumen.technology, which is based on a previously reported inten- nional carotid stenting or double-barrel technique.13-15 In
omparison with these single-chimney techniques, our
ethod can simultaneously preserve the innominate artery
nd the left CCA and thus ensure a longer landing zone.
oreover, the technique can be performed with noncus-
om-made devices available in most centers.
Theoretically, the direct interaction between the stents
nd the thoracic stent graft may lead to deformation or
alfunction of one or both. However, in this case, we did
acic endovascular aortic repair (TEVAR) showing: A,
tending from the left common carotid artery (CCA) to
nt in the innominate artery (arrow). C, Completion
grade flow in the innominate and left carotid arteries,
and angulation. Black arrow: proximal end of the stent
t in the left CCA.Arrowhead: proximal edge of the fabric
puted tomography angiography (CTA) showing good
left carotid arteries, and complete thrombosis in thethor
ent ex
d ste
, ante
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andot observe such problems for up to 12 months after the
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Volume 54, Number 1 Feng et al 215operation. We think the stent graft can adequately accom-
modate the presence of the stents, filling the space between
the devices and the aortic wall, with its short independent
nitinol rings.
For the stent type, it could be argued that balloon-
expandable stents or even covered stents might be better
choices.13,15 Balloon-expandable stents, which are gener-
ally selected, offer superior radial strength and allow precise
deployment. However, we believe self-expanding stents
also have sufficient crush resistance and remain open after
placement. The follow-up of the two self-expanding stents
is consistent with the results of a few other reports on
self-expandable uncovered or covered stents adopted in simi-
lar procedures.13-15 Furthermore, because of the lack of re-
bound, these stents might compromise the configuration of
the aortic stent graft less than the balloon-expandable stents.
Covered stents require larger introducers and are more
prone to affecting the cerebral blood flow. Therefore, we
think the covered stents offer no additional benefit, except
that a long channel is required for the branch.
Another issue concerns the deployment sequence of
the devices. In contrast to Criado’s method,13 we tended to
release one carotid stent prior to the deployment of the
aortic stent graft. In our opinion, the optimal sequence can
avoid temporary complete interruption of the blood flow to
the brain during delivery of the stent graft as well as avert
the possibility of angioplasty. While excluding all the arch
branches, pre-establishment of at least one carotid artery
perfusion is extremely important to avert cerebrovascular
events.
In the extremely angulated and stenotic aortic arch, it is
difficult to insert a delivery system. The sheath will highly
twist in the arch angulation, making graft deployment
difficult. We believe most of the delivery systems cannot
complete the mission except the Relay transport delivery
system, which can smoothly push the stent graft through
the angulation in a more flexible inner sheath. Therefore,
we chose the Relay products in the two TEVARs, although
we always tended to select a stent graft without the proxi-
mal bare stent to avert the potential injury related to the
presence of an uncovered stent in such a tortuous and steep
arch.
CONCLUSION
We have reported our first experience with the double-
chimney technique. Further follow-up for the long-term
stability and interaction of these complex devices is re- Suired. If our method proves both durable and reproduc-
ble, it might offer a new option to simultaneously preserve
he innominate artery and the left CCA for total recon-
truction of the aortic arch.
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